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Abstract Process mining is an emerging discipline providing comprehensive sets of tools to provide
fact-based insights and to support process improvements. This new discipline builds on process model-
driven approaches and data-centric analysis techniques such as machine learning and data mining.
Conformance checking approaches, i. e. . techniques to compare and relate event logs and process
models, are one of the three core process mining techniques. It is shown that conformance can be
quantified and that deviations can be diagnosed. BPMN 2. 0 model has so powerful expression ability
that it can express complex patterns like multi-instance, sub-process, OR gateway and boundary
event. However, there is no existing conformance checking algorithm supporting such complex
patterns. To solve this problem, this paper proposes an algorithm (Acorn) for conformance checking
for BPMN 2. 0 model, which supports aforesaid complex patterns. The algorithm uses A* algorithm
to find the minimum cost alignment, which is used to calculate fitness between BPMN 2. 0 model and
the log. In addition, virtual cost and expected cost are introduced for optimization. Experimental
evaluations show that Acorn can find the best alignment by exploiting the meanings of BPMN 2. 0
elements correctly and efficiently, and the introduction of virtual cost and expectation cost indeed

reduces the search space.

Key words BPMN 2. 0 model; complex pattern; A* search; conformance checking; alignment
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Table 1 BPMN 2. 0 Elements and Their Execution Semantics
&1 BPMN2.0TEZRHITIEX

BPMN 2. 0 Elements

Execution Semantics

Start Event

End Event

The start of a process or sub-process.

The end of a process or sub-process.

Task The smallest atomic element in a model, representing the task to be executed.

Sub-Process
AND Gateway
XOR Gateway

OR Gateway

Multi-Instance

The abstraction of some tasks, including start event and end event.
The branches surrounding this gateway should be executed concurrently.
Only one of the branches surrounding this gateway should be executed.

At least one of the branches surrounding this gateway should be executed.

Including sequential multi-instance (similar to loop) and concurrent multi-instance (i. e. , multiple same task

or sub-process can be executed concurrently).

Cancel Eve
ancel Bvent should be canceled on the fly.

Timer Event

Belonging to boundary event, which is one kind of intermediate event and represents one task or sub-process

Belonging to boundary event, which is one kind of intermediate event and represents one task or sub-process

should be canceled if its duration exceeds some value.

Error Event

Belonging to boundary event, which is one kind of intermediate event and represents one task or sub-process

should be canceled if an expected error occurs.
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B REW% 53519 OR-MERGE 4 0, #l o, , ) R(A) =
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N o; flo,, B RCC)=R(D)={0;,0,}.

(a) A normal case

(b) An abnormal case

Fig.1 A sample for OR-SPLIT
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Fig. 2 A sample for BPMN 2. 0 model
K 2 BPMN 2.0 55175 {5

3 Trace| A > | C | > | E _ Trace | 4 > c| > > E
v Mdel| 4 | B | c|Dp|E " maed| 4] B[>]c]D
_ Trace | A | > | > | C | > | E _ Trace | 4 > > > @
“mosel| 4 [B|B|c|p|E T mwe| >[4 D8] C

Fig. 3 Several alignments between the trace and the model in example 1
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1, otherwise.
AIZARH BB ALY X 5F O Rl 2,
Y, WX S5 B R 3L Y, ALY, XTSRRI
MR 4,80 Y SR AR X 5507 . BT 5 R B
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% ¥ 0 I OR-MERGE M G fE.

4) modelTrace,Z8H Fy List<{String) , iC 5% L &I
R AL AR AT 55 44 FORIOR SR AR AR
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currentAvailable: [ B]
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Other States currentAvailable:[B, D] modelTrace:[A4, B] i aceToMatchf [C.E]
. modelTrace:[A,>>] traceToMatch:[C,E] realCost: 1
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Fig. 4 The core idea of finding the optimal alignment for example 1 using A" search algorithm
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FEAE AR B AT DL RS KL T 3 B S A A
A5 R AT LA AP i 45 0 AR 2 1 D0 T AR ME T3
it 2 FiBR 25 2 45 AUR 25 Bl g AL AT R DL A1
RIREHY |l BE T 24> 5 W 09 T A < 1 3 AT ¢
JIr A ¥ R A B A B R U KR B 2 K TR DL B
R D)V 2 1 4 X (A Sy TA AR

Bl 2. B 2 &/RE AR BPMN 2.0 AL, & %
MHTR ST model Trace <A JFHAERE T 2 1K
& BIGshiF IG5  craceToMatch 24
CE> ULARER | O &84T TS A B ZEHUT 2
U U B S A DS C I 8030 AT 55 EL 7T LA B 30
12 KPR E D TE 4 5 (KB, C.B.Cy) T fF
VERE B AL M CEY s M BT E [ <(B,C,B,C> | —
| CEY | =3 WA 55 1 AR 2k 58 B VE L.

B X O A IR 5 o AT LA X AR AR AT Ak 3 AR S
BPMN 2. 0 ST & i 3, 3+ 57 Hh A 7 46 = 1R 23
T Ui AR A ORI KR AR T RS
BF 5 e BLARAT O i 09 O R P 7% e R Ll K
JEEOR T 10 UG E A9 0038 G B8 U] AT DA 3K B 25 11 A
Ak A .

TR RN, DL i T i AR 1 A
e THEAT 19 2% 235 () (1) B AS 2 WA 28 1 T AN 2 1 3 1.
kAR 22 S ) R L S BT DL AR TR T
AR A T Al R AR A R 2 0 ]
NN v (AR (P €5 o <= R ol 1) K 7 N
R EAN AN S FEOCHA P RERE. K
TG DL T 38 2 X TR A B AN AR T
TR A B UE T DL R R 48 R A (] L R T A
A AR B AT AT — A AR R AR AT U SRR SRR
Wk WA BB 0 A 7 O R B s R DUAR L X 3
(LSRR FRAR R S o G S I B i o T o N S A
SEREPATH T . AEBEAN G O AT AR E T AR 2 5K
il 1) - PR B, B i 22 ] DA TR] B0 e 2 0 A4S i A
7 33K [7] Ao A0, 2 95 5 52 o 56 400 19 — A = 4 k3 i e
AN i TG IR i Bk AT

3 Acorn EiEIR

AR AT R R SR TR X 5y
BAEVERD. Ak 1 s
B L BRI S AR A AL R AR X 5 Rk
(BestBPMN2. 0Alignment).
A : BASHNE trace JBPMN 2. 0 #BY model ;
B B /IMRAY cost XSG LI match_trace.
O %q R—MPRAFHE IR totalCost AR B = HE
J B4 v ] AR 2 0 O SE BA B 5
@ 4 cost 1 B /N realCost ¥ 5 A6 K
INT_MAX;
@ While ¢ is not empty do
@ As NEAF/N totalCost B HBBIIRE ;
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® I s. currentAvailable is NULL or
s. traceToMatch is NULL do

©® update cost and match_trace; continue;

@ EndIf

If 5. realCost==cost do continue;

©® EndIf

@  Foreach task ¢ in s. currentAvailable do

) AP PRI s, currentAvailable;

@ Execute task ¢, update s. waitintList;

® A OB 1Y AT AT 55 5

@ 3 3k A ] B X 5 R 3 R 0 R A8 5 S
# g;

@®  End For

End While

@ Return cost, match_trace.

SRV 1Ry R SR B L S BB G — R
A1) B DT E IR S (A7 @) o B IR PRk B /MU Y
PR AT @) FEH Bl E k2 X 55 (T ~G) , B
F 4B SR B N IE R (AT O~ @ ).

UG IR B 1 H A BR A b R S AR A
ANEY AR ZS BT @) S T #EATAR A Y 3 A2

L 1 BT O ~ @A HIUIR A5 AN BE F 4k 25 8 A2 1
T BRI A | 2 28 5 3R Sk (B A il Rk 14T 55 ) B
BRI C AT S g AL IR R BRI C &
e 58 B B0 s B9 AR H 5 I b A VT IE B 1
S 2 B A 0 A H L T A R 2 B B 2 A DR I
56 » T AR 95 1 HOR A B AL | B 45 o T 5 1 A /D
AEC I HIE AR . AT @ ~ @ FIR BT AL HEBR
RN B & m T BT E/ME R T RERES.

BYE 1 AT ERE 1 AT &0 R I AT 55 R R
1. B HE 1A YR BB AU AT 55 R AT . 1 S 45
0 A6 B 2 AR S P BB AR 55 (AT )L
AR AT BE KL 2L AT 55 2 [ I (7 BE A9, (EAH B 22 [) 2 e %
OS5 U LN o S 1D SR U LR S AR A (1§
B,

Bl 5 () IR TR G thoe . 455 A thdT 58 )

onno

D Task O Start Event O End Event -

(a) Former and latter

(b) Inner and outer

Fig. 5 Two samples for conflicts between enabled tasks

B 5 {EREAE S5 1Y 2 Fh ik 58 R

HRERIAE S A A A B, Y $4E 55 B R AT, 32
TS5 A MZ LB S45 R HZEC AR
550 R P BRAE 55 A RS, & 5 (b)) W JE7R 1T IN
HhoE, HAE %5 A AT 58 )5 AR5 B RE. RNl 3
ARG LR AL S C WRE, 4T
R HeHE CORFAT I, 0 156 B - 3 e 3 ik 340 9 < 1 Bk
U B AT 55 S N i RE.

B 1 AT @~ QR EPATIES ¢ J5 Y b
ARZS BV 8 PATAE 55 ¢ ZJ5 MR AT 55 2 g 9 R
I B BRI S T 09 waitingList s E 2L T i
& OR-MERGE & 3¢ i 5] . iX 7F 2. 2 15 & £ aUA.
WE T — MRS MR 25 7 ATk &
OB AL IR BIX 55 (A7 @) AR X 55 19 L
ALAF 3 R AT R

1) BEAL AT Y B AE 55 77 A — RIS 4R
A MBI I PR R AN AR L BVRILE B R AT X 5557 3%
P AR b 1 A Bl AR T A 5t S B Ak
o 1 A 4 RS 1 BRES 4 B,

2) BERIPAT ML 55, 77 4 — RIS 464k
B HBGE S 1 AR5 588 Y Hi AR 55 A0 [ L 0]
AT IZAE 55 B P00 (CEBRBE b4 1 AME
550 AT R B S B Y R RS Bl A AN S L
B4 HoRES 1 BPRES 3 1572,

3) BN PATAE 55 » ML R AT S 1555 1 4>
155 BB RY | AT X 557 % A7 A g Bk E iy
TR B s A 5 ZEAE Sl B 1, i 4 vtk
B 1EPRE 2 L.

T BT B TEHEAT XS 5577 A IR A ) B
e 2 ST T TRDIR 25 e Y Bl A7 e ) 28

Acorn B35 ML BB 2 Fros. X HEH K

S X AR DR e AT G A B R
HEEAE R H S SRR 5 R

BiE2 mAEHESHESAWNREERE
(Acorn).

A AR & L.BPMN 2.0 8% model ;

AR H AR SRR R A

O % fRHREE . HIRH 0;

@ Foreach trace ¢ in L do

®  costs match_trace=BestBPMN2. 0-

Alignment (t,model) ;

@  f+=fitnessGmodel ,t) ;

® End For

© fI=1LI;s

@ Return f.
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4 LT

4.1 XLIGIFEE

P A S 05 B AE 28 10 AS H R L 58 B LT D < TG
2 WAZ AL 2%, T7500 CPU (2. 2 GHz.800 MHz
FSB,4 MB L2 cache), NfFH 4 GB. #:1E R4 K
Windows 7,JDK & 1. 6 fiAs.

4R FH A BPMIN 2. 0 A ALk 5 [ P 58K Al i
fE 8w ¥l Lol A BB L. X454~ BPMN 2. 0
HEAY UL {3 W A py A 0 T 2ok AR
— ZF0 H & PR AL B b 0 AT B ek
V5 o dn i Iy B 4% 00 I X6 A 1 2l BE ALY H AR AT
B PR DFEIZTE SRR I 1 ANE 30 2) B ki
T B 2 s 3 M BRIZ T 3l s D IR KA AR SRS X

L5 H BN Acorn VORI A 45 21
SR 5L RN T I7 f i UG e (9 45 J 9k 47 X3 L. DA
LA 4 B0 1) A
4.2 HRIEM

ARSI 2 A B R R B L A IR
WA B A B R A R AE AN R 2 iR, AR RS B BT
A LTS5 BPMN 2. 0 65 76 223 A 46 I 440 3 32
BLER X 29 L OR W 56 | it B L 320 A R 45 e ik
JEYE R 2 Az T B BPMIN 2. 0 58 i 4 55 1Y)
Rk JE

AT LLE B 0 A R R 1 35 0 458 76 I3 4 v
A 45 R R M 22 B TR A P T ZE ORI 5
Acorn B EAF BN W45 R 5% FN T AT Fe R DL BE i)
GERSE e —H L X IHY T Acorn HERM T AT
Rk T I T B X 55 0 e DL .

Table 2 The Structural Features and Conformance of Process Models and Logs for Effectiveness Testing Experiments

F2 YRIGATBABRRBEHENEUFIRZEE

Model Log XOR AND OR Multi- Sub- Boundary  Hierarchical Hierarchical Fitness
1D 1D Gateway Gateway Gateway  Instance Process Event Sub-Process Boundary Event Acorn/Expert
1 1 N N 0.95/0. 95
2 2 J J 0.90/0. 90
3 3 N N 0. 88/0. 88
4 4 J J 0.85/0. 85
5 5 N/ N/ 0. 83/0. 83
6 6 N N/ N/ 0. 80/0. 80
7 7 N J J J J N 0.75/0.75

4.3 MRS

# 3 E/R T Acorn B ke A H &E A A
TRMEfERM, P H&E S 1 M8 2,9 1/ 9 2,
10_11 10_2 43 ) % R A AL 8,9,10, 3% 45 5 % B 7%
IEHHBT R BB AL B ORI AT A A S s R
HAER YA B2 B . H AR 8_1 A 8_2 By Xt e
B ) AR AR T Ay DG JC 500 K R R L FE R
[FE, HAR 9_1 F19_2, H 10_1 Al 10_2 fIX} et

ARz gEe. Hak 9 1,9 2 5 H#& 10_1,10_2 %t
JO7 ) SI 6 5 SR 3 B, S AR (%) 5 S B (DA S ) B Tk
AT ] — MR B i 5T % AR B 22, SC I 25 R
A LLE B & A OR MG a2 50 ) 7 i FE i 45 A
A T BT 22 (%) VG AR 1) 5 DR 4 e B R L X 2
JCE LA Z AR A TR DR A i BPMN 2.0
TR rh A, B A R IR T 3R S e s A ) Y
FzZ—.

Table 3 The Performance of Acorn Algorithm on Process Models with Different Sizes

R3 AEHEBMET Acorn EER RN

Number of Number of Average Total Average BPMN Complex
Model 1D Log ID o . .

Activities Traces Trace Length Cost/s Cost/s Elements
8 8_1 5 1000 5 0.92 0.0009 AND Gateway, Multi-Instance
8 8 2 5 1000 10 1. 33 0.0013 AND Gateway , Multi-Instance
9 9.1 10 1000 10 75.32 0.0750 Multi-Instance, Sub-Process
9 9 2 10 1000 22 2295.00 2.3000 Multi-Instance , Sub-Process
10 10_1 20 1000 6 90. 04 0.0900 OR Gateway, Cancel Event

10 10_2 20 1000 10

101. 90 0.0102 OR Gateway,Cancel Event




VEE R LT XS5 A9 BPMN 2. 0 85780 45 4 1 46 ) 4 vk 1929
4.4 MAEMS R BT AE S T R AE  AS A R R R T TR
F A JER TEX R — &5 T 2 L0 AR E By R RE S b TR Z E ARSI, R EEERN

22 S5 1 2o AR AR AR RN L6 R H AR 7E R [ 22 541 1
BN Acorn BEHTHE FEHE T 5 1
RNk & DD | ¢ N R 6 R IR E i DR
T B AR, AR PR AR S R A R O
RE SR RS AN A5 AT BETE — i F2 b kAT

2 TEAH R SR + TS AR A LT e 2 5
51 5 (L A ] o 4 0 2R e R i 44 R P B AR AT
M A Vi Il 245 1 IR S, B TE 3 AN [R) 2 51
{51 B9 A A 15 8 » Acorn B 32 1 ] B4 Hp 1R AR 245 450
sl

Table 4 Comparison of the Number of Intermediate States Accessed Under Various Costs in Different

Multi-Instance Thresholds

F4 FRSKGIHAETIANEHRNTHEHRERSHE L

Multi-Instance

Virtual Cost+

Threshold No Pruning Virtual Cost Expected Cost Expected Cost
3 2593 784 1411 102
5 82556 13159 16516 102
7 681875 105607 108921 102

5 RES5REE

ASCHEH T 2T BPMN 2. 0 B3 147 & P A
A Acorn, FEFRIN G 2 S 7R 30 AR AF
AR AE L 45 BPMN 2. 0 A58 0 (4 45 & P 4G 0 A5 75
LA PRYE & 368 o 03X BB A5 5K 0 &R A T ORI TR ABTSE
HAIAXFF ARl it A 5ok R AU /N Y
D BT o DT 58 JRCAT 3 P AGE I A 592 36 45 R 3 W
LR A R S R 2 Ff BPMN 2.0 £Rik ot £, H
HERfA 2K

A AR BN T AT I R
TEF NG G0 T 22 38 Dy A al B8 1 UC BE . SR BEE
IR 1) A4 B S8 WA 3 PEAS I 802 S A I 5 T 1 o 2
BCAE A B AR AL D5 T A A BT XS R A
— AR A A P A AT & PR A bR AR ST R AE 5T T
e HE ZBHZ AR R4EEZ {5 BRI ARG K
o — KA gy R
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